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In the two papers published recentljfflSl ^e apply collinear expansion to both inclusive 
(e'*"e“ h A) and semi-inclusive (e'*"e~ —>• h -h g + X) hadron production in e'*"e“ 
annihilation to derive a formalism suitable for a systematic study of leading as well as 
higher twist contributions to fragmentation functions at the tree level. We carry out the 
calculations for hadrons with spin-0, spin-1/2 as well as spin-1. This proceeding is mainly 
a summary of these two papers. 
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1. Introduction 

The e“'"e“ annihilation process is most suitable to study fragmentation functions 
among all different high energy reactions, as there is no hadron involved in the initial 
state. The one dimensional fragmentation functions can be studied via inclusive 
process, while, the 3D information can only be extracted from semi-inclusive process. 

Higher twist terms may have very important contributions to azimuthal asymme¬ 
tries and spin asymmetriei^, which are usually measured in experiments to study the 
properties of fragmentation functions and parton distribution functions. Collinear 
expansion, first developed in 1980s, seems to be the unique method to calculate 
leading twist and higher twist contributions in a systemic way. 

This method was applied to inclusive DIS procesJ^ to get the cross section up 
to twist-4 level at first. It was summarized as four stepi^l, and was applied to SIDIS 
to get the form of azimuthal asymmetries up to twist-I^ and twist-I^. Recently, 
we applied collinear expansion to inclusive e“'"e“ annihilation procesJ^ and semi- 
inclusive procesi^l. 
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2. Collinear Expansion 

Collinear expansion was inspired by the collinear approximation, which is stated as 
follows. 

• We only keep the collinear component of the quark momentum, ki ~ pjZi. 

• We only keep the plus component of the gluon field, « A^n^. 

This approximation is reasonable, if we are only care about the leading twist contri¬ 
butions, since other components are power suppressed compared to the plus com¬ 
ponent. We apply this approximation to the following diagrams, and we have. 



Fig. 1. The first few Feynman diagrams as examples of the diagram series with exchange of j 
gluon(s). 


T^approx _ rp 

2p+ 




( 1 ) 


where, = 7 ^(cy — 0 ^ 75 ) is the vertex for weak interaction. And the soft matrix 
^approx jg little different for inclusive process and semi-inclusive process. For the 
inclusive process, this soft matrix does not dependent on k'j_, 




While, for the semi-inclusive process, 


A is just the Fourier Transformation operator. We see, these soft matrices are 
automatically gauge invariant. 

If we are going to the twist-3 level, these transverse components can not be 
simply neglected any more. So, we nee d the collinear expansion to take them back 
into account by the following stepl^J^. 


• Make a Taylor expansion to the hard part, = H^{k = p/z) + 

^\k=p/. X {k-p/z) + ---. 
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• Decompose the gluon fields in this way, AP{y) = A~^(y)n^ + {AP{y) — 
A~^{y)nP). 

Reducing them with Ward identities, we get the hadronic tensor twist by twist, 

Wgn = IR® + + ■■■, (4) 

where, 



is, actually, and = S^pprox^ jg ^he new hadronic tensor, 

whose leading contribution is at twist-3. The new quark gluon correlators are defined 
as, 

5 ( 1 ) in ^ ^(o|/:t(o, (X))Dp( 0 )V'( 0 )|/rX)(/rX|^(r)/:(r, oo)| 0 ), ( 6 ) 

X 

5 ( 1 ) si =/(^-^^-^)^(0|£t(0,oo)Dp(0)^(0)|/iX)(^^|i^(e)^(e,iX))|0). (7) 

X 

These S’s defined above are all 4 by 4 matrices which can alway be decomposed in 
terms of Gamma matrices. In this case, only 7 “ and 757 “ that will contribute. 

sW=sW7“+S«757“, (8) 

where, parity invariant constrains the possible structures of them, since 'E.^ is a 
•^(i) 

vector and is an axis vector. We will discuss the details of this decomposition in 
the following two sections for inclusive process and semi-inclusive process separately. 

3. Inclusive Process e+e“ h X 

These S’s are made up by p, n and S for the inclusive process. S here refers to the 
spin parameters of produced hadrons. For spin-1/2 hadrons, we only need the spin 
vector S^, while for vector mesons, we need also a spin tensor which can be 
decomposed in terms of Sll, and 


3.1. Spin Independent Part and Spin Vector Dependent Part 


[Diiz) + SLLDiLLiz)] + M [el^S^^Driz) + StrOLTiz )], 
= A/,p“ADii( 0 ) + MSIADt{z) + Mel^SLTn^DLTiz), 

For spin-0 hadrons, only the spin independent terms that will contribute, 


^2^unp 

dzdy 


E 


27ra^ 


xn{y)D\{z). 


(9) 

( 10 ) 

( 11 ) 

( 12 ) 


(13) 
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For spin-1/2 particles, both the spin independent part and spin vector dependent 
part contribute. The spin vector dependent part is given by, 
da^P°^ 27ra2 r, „ , _ „ _ AM 


1±Sa_ 


dzdy 




-x{^hTi{y)l^DiL{z) + [T2{y)DT{z)t 

+ T^{y)^DT{z)l^-S,_]]. 


(14) 


Here, the summation over quark flavor and color is not written out explicitly. We 
see, the first term is at leading twist and the last two terms are at twist-3. So, it is 
obvious that at leading twist, produced hadrons will be longitudinally polarized. 


p ^ E,T!{y)ADl^^{z) ^ j:,P<iiy)niy)^DlL\^) 

“ Y.,T^,{y)Dr\z) Y.JI{y)Dr\z) 

It is just proportional to the polarization of quark, Pq(y) = Tl(y)/T^{y), times a 
spin transfer, ADf^^{z). 

There are also two transverse polarizations at twist-3. One is perpendicular to 
IS' 

the leptonic plane, while the other one lies in the leptonic plane, l± ■ S±. 

4M Y.qn{y)DV\^) p AM Y.qTl{y)ADr\z) 
^QEqT^iy)DV\^y Y.qT;i{y)DV\z) ' 


The first one is T-odd. Hence this is NO corresponding term in inclusive DIS process. 
The last one is P-odd, which will disappear in the electromagnetic process. 


3.2. Spin Tensor Dependent Part 


= p^SllDill{z) + MSZrDLTiz), Sl^^DlAz), (17) 

'S'LT.7?iTs(^)- (1^) 

For vector mesons, the cross section contains contributions from spin indepen¬ 
dent, vector polarization dependent and tensor polarization dependent parts. 

j Tpoi OTro-^ r AM 

= Q2 x\Toiy)SLLDiLL{z) + ■^^[T2{y)l± ■ SltDlt{z) 

+ T3iy)eP^^^ADLT{z)]y (19) 


The most interesting spin parameter of vector mesons is spin alignment (poo)- This 
leading twist effect is verified by LEP experiment. We predict that this tensor 
polarization can also be easily measured by BES experiment since it is P-even. 


1 en. 1 

3 ^Y.qT;i{y)Dr\zy 3 


4. Semi-inclusive Process e+e h -\- q + X 

For the semi-inclusive process, these S’s are also functions of the transverse mo¬ 
mentum A:(|_. So, we have much more new structures. 
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4.1. Spin Independent Part and Azimuthal Asymmetries 


= PaDi + 




= Pak^p^ 


( 1 ) 


Z^^pa — *Pae±pfcj_Cj_''' 


( 1 ) 


( 21 ) 

( 22 ) 


And the corresponding cross section is, 

^P,{si,unp) a 2 r 4 


dydzd?k', 2 ttQ'^ 


{TS{y)Di + ^ [Tny)l± ■ + niy)e^l'^'^AD^]}. (23) 


We see immediately that there are two azimuthal asymmetries at twist-3, 


2\k'jj:gHiy)D^'^"^ 


ACOsgD _ _ I y _ ^sinc/? _ 




unp 


i:js{y)Dr " i:ji{y)Dr" 

The second one is P-odd, so it will disappear in electromagnetic process. 


(24) 


4.2. Spin Vector Dependent Part 


zEI°'> =Pa- 


zEiO) _ 

— Po 


^k^S± 

L _ 

M 


,fc_LS_L 


-D 


IT 


^_La" 


M 


-Drp + Xh^±akj^Dj^ H- Me±as±DT^ 


XhADiL + 


M 


IT 


A±S, 


M 


■e_Lafcj_ AD^ 


+ Xhk±ciAI)t + MS±aADTj 


z^pa ~ Po 


Z^ia = Wa 


Me±ps^^!f'^ +k±p^-^ 


k±Sj_ 


+ Xhe±pkjf^ 


MS^pif^ 


k^Sj_ 


M 


M 

p(l)-L I \ jL c(l)-*- 
■C_Lpfcj^Sy + ^hPA-pVl 


The cross section is then given by, 


(lfj{si,Vpol) 

dydzd'^k'j_ 2 ttQ‘^ 




{T^iy)- 


fc'i S_i 


M 


D^t + Tl{y)[XhAb^L + 

fe'i S I 


k\ -S^ 


AD 


IrriQ^. \ J±kj_ AJ_ rT^q/^\j j/ a AJ-1 . 


+ ^ [Hiy)er^Di + T§iy)l^ ■ k'^AUi] + 
+ T§iy)e[ 


zMQ^ 


M 

[T|(j/)/^ • k'^b^ 


fc'i 


Abj;] 


AM 


[T^{y)e^b^^bT + Tl{y)lj_ ■ 5j.A.Dt] }■ 


(25) 

(26) 

(27) 

(28) 


ITj 


cj_ -r ^^2 L ^2 ^r'-rJ -3 

We see, that there is a leading twist polarization in the longitudinal direction. 


(0) EqTSiy)P<iiy)^DiL 


^Lh ~ 


EqT^iy)Di 


(29) 


(30) 


The most suitable directions to study transverse polarization and corresponding 
fragmentation functions are those in and transverse to the production plane. At 
leading twist, 

\kbEqniy)DtT „(o) WbEqPqiy)To\y)^DtT 


p(0) __ 

^hn 


^ llqWDl 


p(0) _ _I 

ht 


Y.qTl{y)D, 


(31) 
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Those twist-3 terms gives us 


correctioni^ which are suppressed by M/Q. 


4.3. Spin Alignment 


The Lorentz structures for vector mesons are much more complicated, since there 
are much more spin parameters. We would not show you all those structures in 
this proceeding, for the limitation of length. Please find the details in [2] if you are 
interested in this topic. Here we only show you results concerning spin alignment. 


= PcSllDilL + k^aSLhDiL^ Z-aLL = E-Lafei'S 'll (32) 

~ ^±pk^SLL^LL- ( 33 ) 


The corresponding cross section is given by. 


da^'^^LL) 

dydzd'^k'j_ 


^SLL{T^{y)D^LL + ^ [niy)l± • k'^bir. 


+ T§iy) 


l±kj_ 



(34) 


And then, we get the spin alignment up to twist-3, 


„ E.i’o’MAiir, , M, 
2V rjfo)!). + 


V 2 f^{y)k',b 

LL n{y)k'Ab 


LL 


zQE,my)Di 


(35) 


5. Summary 

In inclusive process, there is a leading twist longitudinal polarization for spin-i 
hadrons and also spin alignment (poo b 5 ) vector mesons. At twist-3, there are 
transverse polarizations for spin-^ hadrons in and transverse to the leptonic plane. 

In semi-inclusive process, for spin-0 hadrons, there are two azimuthal asymme¬ 
tries at twist-3. For spin-^ hadrons, there is a longitudinal polarization and also 
transverse polarizations in and transverse to the production plane at leading twist. 
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